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Abstract: In this study, we conducted life cycle assessments (LCAs) for fuels based on different types 11 
of agricultural residues and determined the characteristics common to all LCAs. Each fuel type 12 
required specific conversion technology during the feedstock stage, particularly during the production 13 
and collection processes. We divided the field-to-fuel life cycle into five high-level and relatively 14 
independent sub-stages: production of agricultural residues, collection of agricultural residues, 15 
conversion of agricultural residues to biofuels, biofuel distribution, and biofuel utilization. We then 16 
illustrated the common characteristics during the feedstock stage for the first two field-to-fuel life cycle 17 
sub-stages: production and collection of agricultural residues. Agricultural residues-to-grain weight and 18 
price ratios and multifactorial LCA allocations were summarized for the production stage. In addition, 19 
the energy use availability coefficient, collection radius, and emissions were determined for each fuel 20 
type during the collection stage. System boundaries and benefits of direct emissions reduction during 21 
the feedstock stage were also discussed. Our results provide guidance for future LCA studies on 22 
agricultural residue-based biofuels. 23 
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1. Introduction     28 
The use of renewable energy is gaining more prominence. At present, the development of a 29 
low-carbon economy and promotion of green technology are essential to plans for economic and 30 
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social development. A redesign of energy production and consumption processes is urgently 31 
needed to build a clean, low-carbon, safe, and efficient energy system while resolving problems 32 
with environmental pollution. 33 
As fossil fuel-based resources are associated with negative environmental impacts and security 34 
issues, alternative resources that are more sustainable, such as biomass[1], have to be developed. 35 
Biomass fuels can be derived from an abundance of raw materials, including agricultural and 36 
forestry residues, livestock and poultry manure, energy crops (plant biomass), industrial organic 37 
wastewater, and municipal sewage and garbage. Biomass fuels are not only renewable but like 38 
conventional fossil fuels, can also be collected, stored, and transported relatively easily. Biomass 39 
energy plays an important role among all kinds of renewable energy, such as wind, solar, hydro, 40 
biomass, geothermal, wave, tide and ocean thermal energies. Biomass can be converted directly 41 
into chemical products to generate electricity, heat, and fuels. For example, liquid and gas fuels 42 
and briquettes produced from biomass can be used instead of petroleum, natural gas, and coal, 43 
respectively. The broad-scale use of biofuels can contribute greatly to achieving energy 44 
sustainability and reducing greenhouse gas emissions. 45 
Lignocellulosic biomass is one of the most abundant biomass resources on earth, and more than 46 
100 billion metric tons are produced every year. This amount represents a significant feedstock for 47 
producing biomass fuels[2]. Approximately 3.7–5.1 billion metric tons of lignocellulosic biomass 48 
are produced as part of agricultural residues annually[3–5]. Thus, using agricultural residues to 49 
produce energy is an important strategy for achieving renewable energy targets[6]. China is a 50 
major agricultural country, producing approximately 0.9 billion metric tons of agricultural 51 
residues annually[7]. Although China has abundant agricultural residues, there is a significant 52 
wastage of this potential energy resource due to discarding or direct burning in the field, with 53 
associated adverse environmental impacts of fine particulate matter, elemental carbon and organic 54 
carbon et al[8,9]. Therefore, it is important to use agricultural residues by transforming them into 55 
biofuels. These biofuels could then supplement the energy supply and alleviate demand for fossil 56 
energy and resources. Biofuels derived from lignocellulosic biomass, particularly from 57 
agricultural residues, are recommended worldwide as part of high-level strategies to mitigate 58 
climate change, enhance energy security, and develop rural economies[10,11]. 59 
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Despite their advantage as a renewable fuel source, the conversion and use of agricultural 60 
residue-based biofuels have negative impacts on the environment. Although we should pursue the 61 
technological development of agricultural residue-based biofuels to improve energy efficiency and 62 
use scales, we should also mitigate their environmental and societal impacts. To do that, we must 63 
consider energy conversion efficiencies, greenhouse gas emissions, and air pollutant emissions 64 
during the production and use of biofuels. Life cycle assessment (LCA) models and methods can 65 
be used to guide the development of biofuel technology. 66 
The feedstock stage represents a major process of the life cycle of agricultural residue-based 67 
biofuels. Compared with coal, oil, and natural gas, agricultural residues are more scattered, less 68 
energy-dense, and less efficient in terms of storage and transportation. Large amounts of 69 
agricultural residues are not used further and are burned directly in fields instead. Furthermore, 70 
these residues have a low unit price for energy use but are associated with high labor costs for 71 
processing. Because agricultural residues can also be used as fertilizers, forage, and industrial raw 72 
materials, they garner higher prices for those uses than if they were converted to biofuels. Thus, it 73 
is not economically competitive to collect agricultural residues for fuel production. Additionally, 74 
agricultural residues are considered waste products or by-products of grain production, and little 75 
data on their environmental impacts have been collected. Hence, the utility of processing 76 
agricultural residues for biofuels, particularly during the feedstock stage, is not well understood. 77 
Recently, studies have been conducted on the social, economic, and environmental performance 78 
of agricultural residue-based biofuels, which were used for power generation[12] and heating[13]. 79 
Agricultural residues were also used to make liquid fuels[14,15], briquettes[16], and flammable 80 
gases[17,18]. Allocation methods can greatly influence the outcomes of LCAs[19]. For 81 
agricultural residue-based biofuels, LCAs can consider global warming potentials[20] and the 82 
goals of the production system[21]. Three LCA allocation methods—economic, energy-based, and 83 
subdivision—have been developed by Murphy and Kendall[22]. The subdivision method allocates 84 
impacts from changes in the system of baseline (corn only) production to stalks. Similarly, 85 
economic allocation also assigns impacts to stalks. Allocations using economic and subdivision 86 
methods are approximately half of those using the energy-based method[22]. The choice of 87 
allocation method can affect the environmental performance of a lignocellulosic biorefinery and 88 
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the environmental impacts assigned to individual products, both on a unit and annual flow 89 
basis[19]. 90 
Transformation technologies and LCA results vary for different types of agricultural residues. 91 
To our knowledge, there are no detailed studies on the common characteristics across LCAs of 92 
different types of agricultural residue-based biofuels. Additionally, very few studies focused on 93 
the feedstock stage of the life cycle of agricultural residues-based fuels. In this study, we report 94 
the similarities among transformation technologies in the feedstock stage, including production 95 
and collection. Environmental impacts were assessed for this life cycle stage as well. The LCA of 96 
agricultural residue-based biofuels were divided into five sections below: Section 2 details the 97 
LCA stages relevant to agricultural residue-based biofuels; Section 3 focuses on the production of 98 
agricultural residues, namely, agricultural residues-to-grain weight and price ratios, and 99 
multifactorial allocation; Section 4 focuses on the collection of agricultural residues, with an 100 
emphasis on arable land area coefficients of crops, and the energy use availability coefficient, 101 
collection radius, and emissions produced during the collection process; System boundaries and 102 
direct emission reduction benefit of feedstock stage is discussed in section 5 and section 6, and 103 
finally section 7 summarizes the conclusions from the study. The results from our study provide 104 
additional information for evaluating policies related to the potential environmental benefits of 105 
agricultural residue-based biofuels, and for enhancing the efficiency of using agricultural residues 106 
as fuel. 107 
2. LCA stages of agricultural residue-based biofuels 108 
An LCA is a cradle-to-grave assessment of a product or service. During an LCA, the impact any 109 
product is analyzed over its lifetime, from the extraction of raw materials to the disposal of waste 110 
components and product end use[23,24]. An environmental LCA can be defined as the 111 
compilation and evaluation of material and energy flows, and the potential environmental impacts 112 
of these flows, throughout the life cycle of a product[25]. An internationally standardized 113 
methodology is used to identify and quantify the environmental aspects and potential impacts at 114 
each life cycle stage, from obtaining resources and materials, to production, distribution, usage, 115 
and final disposal[26]. Life cycle stages are based on the ISO14040[27] and ISO14044[28] 116 
guidelines. 117 
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According to the ISO guidelines, the life cycle of agricultural residue-based biofuels starts with 118 
production and ends with fuel utilization. The collection of agricultural residues, conversion of 119 
residues to fuels, and fuel distribution can be treated as distinct periods within the life cycle, and 120 
individual characteristics can be assessed for each period. Thus, we can divide the field-to-fuel life 121 
cycle of agricultural residue-based biofuels into five high-level and relatively independent 122 
sub-stages: 1) production of agricultural residues, which includes land occupation and the 123 
consumption of energy, fertilizer, and pesticides; 2) collection of agricultural residues, which 124 
involves the collection radius and energy consumption; 3) conversion of agricultural residues to 125 
biofuels, which include liquid fuels, briquettes, and gaseous fuels; 4) biofuel distribution, which 126 
includes vehicle, train, ship, and pipeline transportation; and 5) biofuel usage, which includes 127 
vehicle fuel consumption, heating and/or cooling, and electricity generation. These five sub-stages 128 
can then be grouped into the feedstock, fuels, and utilization stages (Fig. 1). Although they are 129 
different sub-stages, the production and collection of agricultural residues share common 130 
characteristics (Fig. 1). The conversion and distribution sub-stages in the fuels stage have different 131 
transformation technologies, and several methods are available for the utilization stage (Fig. 1). 132 
 133 
Fig. 1. Main life cycle stages of agricultural residue-based biofuels. 134 
3. Production of agricultural residues  135 
Before a biomass fuel production plant can be commissioned, a comprehensive database that 136 
includes information on residue production, consumption of energy, fertilizers, and pesticides, and 137 
land occupation must be in place. 138 
3.1. Agricultural residues-to-grain weight ratio 139 
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The agricultural residues-to-grain weight ratio compares the occurrence of agricultural residues 140 
to grain yield and represents the production of agricultural residues. The ratio varies among crop 141 
areas and type. The agricultural residues-to-grain weight ratio should be analyzed over different 142 
seasons and across growing regions. Once this database is established, the ratio distribution for 143 
different crops can be mapped.  144 
Before establishing a fuel conversion plant, it is important to ensure that abundant feedstock is 145 
available. Feedstock amount can be calculated from the grain yield, cultivation area, and 146 
agricultural residues-to-grain weight ratio. When agricultural residues are used to produce fuels, 147 
the energy use availability of the agricultural residues is calculated by Eq.(1) : 148 
1
n
i i i i
i
J S Y

                              (1)                                                 149 
where J is the total amount of agricultural residues available for fuel production (ton/yr); Si is the 150 
cultivation area for the ith crop (km2/yr); Yi is the grain yield of the i
th crop (ton/km2·yr); i is the 151 
agricultural residues-to-grain weight ratio of the ith crop (kg/kg); and i is the energy use 152 
availability of the ith agricultural residue (%). 153 
3.2. LCA allocation during plant growth 154 
Value-based allocation methods such as energy and economic allocation are considered 155 
appropriate for reflecting production goals. In economic markets, economic values shape system 156 
formation. However, because product prices can change, economic allocation leads to temporal 157 
variability in study outcomes even when the production system remains unchanged[22]. 158 
In general, there are three main approaches for determining LCA allocation during plant growth 159 
or production (Fig. 2): 1) all impacts are allocated to the grain, and agricultural residues are 160 
considered waste; 2) half of total impacts are allocated to the grain, and half to agricultural 161 
residues; and 3) impacts are allocated to different system components according to agricultural 162 
residues-to-grain price (revenue) and weight ratios. Although grain and agricultural residue prices 163 
may fluctuate, the agricultural residues-to-grain weight ratio is relatively stable. 164 
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  165 
Fig. 2. Three approaches to allocation during crop growth or production (Error bars represent 166 
fluctuations in grain and agricultural residue prices). 167 
 168 
Approach 1: In this approach, all impacts are allocated to the crop grain, and agricultural 169 
residues are considered waste[29]. However, with the development of new technology, increasing 170 
amounts of agricultural residues are being recycled and reused, such as for fuel, fertilizer, and feed 171 
production, as well as for biochemical processes. Therefore, this approach does not accurately 172 
assign allocations to agricultural residues. 173 
Approach 2: In this approach, environmental impacts are evenly allocated between the crop 174 
grain and agricultural residues. However, this allocation method can inflate the value of 175 
agricultural residues, which negatively affects their use. Thus, this approach is also not ideal. 176 
Approach 3: In this approach, allocation is based on the economic values of the grain and 177 
agricultural residues, and also their weight ratio. Other parameters such as carbon sequestration 178 
benefits and utilization scale are considered as well to estimate the allocation ratio. 179 
3.3. Considerations for multifactorial allocation 180 
According to Approach 3, allocation should be based on factors such as agricultural 181 
residues-to-grain weight and price ratios, energy consumption (e.g., diesel, electricity), land 182 
occupation, irrigation, and consumption of fertilizers, herbicides, and pesticides. 183 
Corn grown in Henan Province, China, has an agricultural residues-to-grain weight ratio of 1.2, 184 
and the price of corn grain is 10 times that of the price of cornstalks. Thus, corn grain and 185 
cornstalks generate approximately 89.2% and 10.8% of total revenue, respectively (Fig. 3). 186 
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Accordingly, allocation percentages for the grain and agricultural residues during the production 187 
of residues would be 89.2% and 10.8%, respectively. Prices for grain and agricultural residues can 188 
be averaged over the last three years. Relative consumption during plant growth can be estimated 189 
from mean consumption over the last three years or from the LCA database. 190 
In addition, the amount of carbon dioxide (CO2) absorbed during biomass growth and the 191 
amount emitted during the feedstock stage should be calculated. This would illustrate the CO2 192 
sources and sinks along the supply chain for agricultural residue-based biofuels and highlight 193 
potential opportunities for carbon capture and storage[30] to mitigate future CO2 emissions. 194 
 195 
Fig. 3. Allocation based on weight and price ratios during the production of agricultural residues. 196 
4. Collection of agricultural residues  197 
During this process, the collection radius, energy consumption, and emissions should be 198 
considered. Before the collection radius can be calculated, the arable land area coefficient of the 199 
crop and the energy use availability coefficient of the agricultural residues must be confirmed. 200 
4.1. Arable land area coefficient  201 
The availability of agricultural residues varies spatially and temporally[31]. The arable land 202 
area coefficient of a particular crop is considered one of the main characteristics of agricultural 203 
residues. Geographical Information Systems (GIS) are spatial tools that enable the precise 204 
assessment of the distribution of renewable energy resources to facilitate decision-making. GIS 205 
models can be used to optimize the number of satellite storage areas, the geographic distribution 206 
of these storage areas and their respective collection areas, and the location of the energy plants 207 
that would use agricultural residue-based biofuels[32]. GIS and aerographic mapping can be used 208 
to study crop planting over space and time. Useful information includes crop species, harvest area 209 
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in summer or fall, crop area for different species, and the ratio of crop area to total land area. From 210 
this information, crop area as a percentage of total land area, total crop area, and crop harvesting 211 
times can be determined. The species and area covered by crops planted for summer or fall 212 
harvests affect how agricultural residues are collected. Overall, the arable land area coefficient is 213 
based on temporal and spatial variation in crop planting (Fig. 4). 214 
 215 
Fig. 4. Arable land area coefficient based on temporal and spatial variation in crop planting. 216 
 217 
4.2. Energy use availability coefficient  218 
The energy use availability coefficient should be calculated before agricultural residues are used 219 
for biofuel production, and is key to estimating the collection radius of agricultural residue-based 220 
biofuels (Fig. 5). Agricultural residues tend to have low energy density. However, in addition to 221 
energy generation, agricultural residues can be consumed in other ways. For example, agricultural 222 
residues can be used as fertilizers, forage, and industrial raw materials. Wheat straw and corn 223 
stalks can be used as fertilizer and forage; rice straw as forage and industrial materials; cotton 224 
stalks for energy generation; peanut shells, leaves, and tubers as forage; bean stems and leaves as 225 
forage and fuel; and vegetable residues as fertilizer and forage[33]. Agricultural residues can 226 
garner higher prices when they are used as industrial raw materials and forage as well, such as 227 
wheat straw being used for pulp and paper production. The amount of agricultural residues that are 228 
not used for energy generation should be subtracted from calculations during LCA. In the circle of 229 
Fig. 5, red indicates the proportion of agricultural residues that could be used for energy 230 
generation, whereas gray indicates the proportion that could be used as fertilizers, forage, and 231 
industrial raw materials. The latter proportion should be subtracted from calculations during LCA. 232 
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 233 
Fig. 5. Energy use availability coefficient of agricultural residues.  234 
4.3. Collection radius of agricultural residues 235 
The collection radius, i.e., the transportation distance between the location of the agricultural 236 
residues and the biofuel conversion plant, depends on how well developed the road network is, the 237 
scale of the biofuel conversion system, annual consumption rate of agricultural residues, 238 
agricultural residues-to-grain weight ratio, energy use availability coefficient, and arable land area 239 
coefficient. The collection radius seldom follows a straight line; calculations must account for 240 
road patterns and biofuel plant location (Fig. 6). Road travel distances can be calculated using a 241 
GIS map. Here, different kinds of collection radius of the agricultural residues are listed in Fig.6. 242 
(a) Actual collection radius R’ can be calculated by adding L, the distance between the biofuel 243 
plant and the center of the crop area, to estimate collection radius R. (b) The actual transportation 244 
route follows a zigzag pattern (S1, S2, and S3) instead of a straight line. Thus, R’ = S1 + S2 + S3. (c) 245 
The methods used in (a) and (b) can be combined to calculate R’. 246 
 247 
Fig. 6. Three ways of calculating the collection radius between the location of the agricultural 248 
residues and the biofuel plant.  249 
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 250 
The collection radius R (km) can be calculated using the equation below: 
251 
                            (2) 252 
where Z is the collection area for the agricultural
 
residues (km2); Py is annual consumption rate of 253 
agricultural residues (ton/yr); Y is annual grain yield (ton/km2·yr);   is agricultural 254 
residues-to-grain weight ratio (kg/kg);   is the energy use availability of the agricultural 255 
residues (minus the residues used as fertilizers, forage, industrial materials, and feedstock for 256 
edible fungi);   is the coefficient of cultivated land which accounts for the local region ratio 257 
among the agricultural residue-based fuel plant; and   is the coefficient of particular 258 
agricultural residues cultivated land (cultivated land area of particular agricultural residues 259 
for producing biofuel accounts for the total crop cultivated land area). 260 
Here, we use a briquette fuel plant in Henan Province, China, that produces 10,000 metric 261 
tons of fuel per year as an example. Cornstalks are used as the feedstock material. Py is 262 
approximately 10,700 ton/yr; Y is 750 ton/km2·yr;   is 1.2;   is 0.4;   is 0.7; and   is 263 
0.7. According to Eq. (2), the calculated collection radius R of this plant is approximately 4.39 264 
km. The distance from the biofuel plant to the center of the corn planting area is approximately 2 265 
km. Thus, the actual collection radius is R’ = 4.39 km + 2 km = 6.39 km. 266 
4.4. Emissions related to collection of agricultural residues 267 
Vehicle and transportation parameters related to oil consumption can be calculated as follows, 268 
assuming the hypothetical transportation distance ratio with no load and a full load is 1:1[34,35]: 269 
        1 1 0 0 en 1 1 0 0 en2 + 2 2 = + =g L v g L v N m L g v g v N m q                   (3) 270 
where g1 is unit fuel consumption with varying loads (except 0) on a specific road (kg/kWh); g0 is 271 
unit fuel consumption with no load on a specific road (kg/kWh); v1 is mean vehicle speed with 272 
varying loads (except 0) on a specific road (km/h); v0 is mean vehicle speed with no load on a 273 
specific road (km/h); Nen is vehicle power (kW); m is vehicle weight rating (103 kg); L is mean 274 
transport distance of a single vehicle (km); and q is oil consumption per km and per kg of the 275 
vehicle (kg/kg·km). Mean transport distance L is calculated as twice the actual collection radius, 276 
i.e., L = 2R’. 277 
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The vehicle weight rating is related to vehicle power[30], as a larger m is correlated with a 278 
larger Nen. The ratio of vehicle power to weight rating is expressed as kn ＝ Nen/m. The quantity 279 
of heat produced from the diesel consumed by an average vehicle is calculated as follows: 280 
o oQ qLm E                                  (4) 281 
where Qo is the quantity of heat produced from oil consumed by an average vehicle (MJ); m is 282 
the mean vehicle load (kg); and Eo is the low heating value of diesel (MJ/kg).  283 
The oil consumption for collection of agricultural residues can be calculated using Eqs. (3), (4). 284 
Calculations of emissions from the transport vehicle can then be based on oil consumption rates. 285 
Energy consumption and emissions due to vehicular transportation can vary according to vehicle 286 
and road types and conditions. For example, whether roads are paved with cement, sand, or 287 
asphalt, or whether vehicles are empty or carrying half or full loads. These variations should be 288 
reflected in emissions databases. In addition, the total time vehicles are in use for the collection 289 
and transportation of agricultural residues during the entire biofuel life cycle should be determined. 290 
By considering all of these factors, energy consumption and emissions per unit distance of the 291 
vehicles used for collecting agricultural residues can be calculated. 292 
5. Determining system boundaries  293 
The consideration of the boundaries of the feedstock production and collection stages usually 294 
includes factors such as energy consumption, land occupation, and fertilizer input. Additional 295 
factors that may be considered include seed cultivation, human labor inputs, and vehicle 296 
manufacturing (Fig. 7). Ideally, the boundary conditions would cover the maximum number of 297 
boundary factors that can be considered within reasonable time constraints. In general, factors that 298 
are classified similarly and those with an overall proportion of 0.1% or less can be neglected. The 299 
factors within Boundary 1 must always be considered, whereas those within Boundary 2 are 300 
considered on a case-by-case basis (Fig. 7). 301 
 302 
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 303 
Fig. 7. Determining LCA system boundaries during the feedstock stage for agricultural 304 
residue-based biofuels.  305 
 306 
6. Benefits of emissions reduction  307 
The production of biofuels from agricultural residues helps to reduce waste, but the overall 308 
environmental and ecological benefits of this process still need to be determined. Cereal fields in 309 
northern China can yield two crops every year or three crops every two years. Due to fast turnover, 310 
the time interval between harvesting and planting is short. Fields must be cleared and the straw 311 
must be used before the next round of planting. If not, agricultural residues may be burned directly 312 
in the fields. Direct burning leads to increases in emissions of fine particulate matter (PM2.5), 313 
sulfur dioxide (SO2), nitrogen oxides (NOx), carbon monoxide (CO), and greenhouse gases. Hence, 314 
using agricultural residues for biofuels is a better alternative to open burning. 315 
The open burning of agricultural residues contributes 20.8% of the atmospheric pollutants in 316 
China[36]. Most of these residues, approximately 87%, are composed of rice, wheat, and corn 317 
stalks[36]. According to the emission factors for agricultural residues open burning (see as Table 318 
1), in a province of China in 2014, the amount of wheat straw open burning had been reached to 319 
1.25×107 tons. The burning of wheat straw produced 9.5 × 104 metric tons of PM2.5, 1.1 × 104 320 
metric tons of SO2, 4.1 × 104 metric tons of NOx, 7.5 × 105 metric tons of CO, 0.5 × 104 metric 321 
tons of ammonia (NH3), 4.3 × 104 metric tons of methane (CH4), 9.3 × 104 metric tons of 322 
non-methane volatile organic compounds (NMVOCs), and 1.83 × 107 metric tons of carbon 323 
dioxide (CO2). The amount corn stalk open burning had been reached to 7.35 × 106 metric tons. 324 
The burning of corn stalk produced 8.6 × 104 metric tons of PM2.5, 0.3 × 104 metric tons of SO2, 325 
3.2 × 104 metric tons of NOx, 3.9 × 105 metric tons of CO, 0.5 × 104 metric tons of NH3, 3.2 × 104 326 
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metric tons of CH4, 7.3 × 104 metric tons of NMVOCs, and 9.9 × 106 metric tons of CO2. 327 
Additionally, the amount rice straw open burning had been reached to 9.7 × 105 metric tons. The 328 
burning of rice straw produced 1.3 × 104 metric tons of PM2.5, 0.1 × 104 metric tons of SO2, 0.3 × 329 
104 metric tons of NOx, 3.4 × 104 metric tons of CO, 0.1 × 104 metric tons of NH3, 0.3 × 104 metric 330 
tons of CH4, 0.6 × 104 metric tons of NMVOCs, and 1.4 × 106 metric tons of CO2. 331 
Table 1. Emissions produced by the open burning of agricultural residues[36,37]. 332 
Crops 
Emission factors/(g/kg) 
PM2.5 SO2 NOx CO NH3 CH4 NMVOC CO2 
Wheat 7.60 0.85 3.30 60.00 0.37 3.40 7.50 1460.00 
Corn 11.70 0.44 4.30 53.00 0.68 4.40 10.00 1350.00 
Rice  12.95 0.90 3.10 34.70 0.78 3.20 6.05 1460.00 
 333 
As the open burning and collection of agricultural residues occurs during the feedstock stage, 334 
benefits accrued from emissions reduction should be considered for this stage. Scenarios in which 335 
agricultural residues are burned directly could be compared to those in which residues are used as 336 
biofuels. Comparisons should be based on the same unit used to measure agricultural residue 337 
biomass. Scenarios in which agricultural residues are used as biofuels could be considered the 338 
baseline. Environmental impacts during the feedstock stage, such as pollutant emissions, can be 339 
estimated from the LCA of agricultural residue-based biofuels. Emissions from open burning of 340 
agricultural residues can be obtained from direct investigations. These data can then be used to 341 
calculate the reduction in emissions when agricultural residues are converted to biofuels instead of 342 
being burned. With this knowledge, the use efficiency of agricultural residues can be enhanced to 343 
reduce air pollution (Fig. 8). Nevertheless, field studies must be conducted to accurately determine 344 
actual reductions in open burning due to the diversion of agricultural residues toward biofuel 345 
production. Furthermore, open burning negatively impacts the soil and water, and these effects 346 
must be accounted for. 347 
 348 
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 349 
Fig. 8. Emission of atmospheric pollutants can be reduced by diverting some of the agricultural 350 
residues toward biofuel production. 351 
7. Conclusions 352 
In this paper, we discussed the common LCA characteristics of agricultural residue-based 353 
biofuels during the feedstock stage, which comprises the processes of producing and collecting 354 
agricultural residues. Allocation can be carried out according to agricultural residues-to-grain 355 
price and weight ratios. For corn, the allocation percentages for the production of corn grain and 356 
corn stalks (agricultural residues) were approximately 89% and 11%, respectively. Collection 357 
radius is calculated based on the arable land area coefficient of the crop and energy use 358 
availability coefficient. During the collection process, emissions depend on the collection radius, 359 
and road and vehicle load conditions. We also discussed the factors that should be considered to 360 
determine optimal system boundaries. The conversion of agricultural residues to biofuels not only 361 
increases the use efficiency of the residues but also reduces air pollution, generating 362 
environmental benefits. 363 
Future research should focus on collecting data from the feedstock stage. An analysis of 364 
common LCA characteristics of large-scale production of agricultural residue-based biofuels can 365 
help guide the further development of the biofuel production process. 366 
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